Google 



This is a digital copy of a book lhal w;ls preserved for general ions on library shelves before il was carefully scanned by Google as pari of a project 

to make the world's books discoverable online. 

Il has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one thai was never subject 

to copy right or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often dillicull lo discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher lo a library and linally lo you. 

Usage guidelines 

Google is proud lo partner with libraries lo digili/e public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order lo keep providing this resource, we have taken steps to 
prevent abuse by commercial panics, including placing Icchnical restrictions on automated querying. 
We also ask that you: 

+ Make n on -commercial use of the files We designed Google Book Search for use by individuals, and we request thai you use these files for 
personal, non -commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort lo Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each lile is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use. remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 

countries. Whether a book is slill in copyright varies from country lo country, and we can'l offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through I lie lull lexl of 1 1 us book on I lie web 
al |_-.:. :.-.-:: / / books . qooqle . com/| 



o . 



i 



i 



ENTERED AT STATIONERS' HALL. 



TREATISE 



ON THE COMBINED 

CIRCULAR, MULTI-CIRCULAR 

AND 

FIVE-FIGURES LOGARITHMIC DECIMALS 

SLIDE RULE; 

with copious Tables of Natural Sines, Rumbs, Area of Circular Seg- 
ments, Ac., Ac., and numerous practical examples and illustrations on 
Instrument equivalent to Gunter's Scale upwards of 50 feet long. . 

BY 

THOMAS DIXON, Engineeb, 

BUTTRRSHAW, NEAR BRADFORD, YORKS. 

(Author of •• The Millwright and Engineer's Ready Reckoner? 
44 Triple Radius Double Slide Rule? <5rv. 



BRADFORD : 

JAMES BROWN, PRINTER, ETC., 1 4, MANCHESTER ROAD. 

1883. 



/St. Q.2i±. 



PBEFACE. 



The combined Circular, Multi-Circular, and Logarithmic 
Decimals Slide Rule to which the following remarks and 
illustrations apply, having been carefully set out on a machine 
specially designed and made for the purpose, and also been 
provided with distinguishing figured arms, &c, it is well 
adapted for obtaining results to four and estimate fifth place 
of figures with ease and facility. 
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DESCRIPTION OF INSTRUMENT. 



The Circular Rule Dial, viz. that representing Numbers 
and Common Logarithims near the out edge of instrument 
contains only two sets of circles, divisions and figures, but 
the dial of Multi-Circular Rule contains ten, numbered in 
regular succession, to show the relative position of each set 
to the first marked nearest the centre — and 

Calling each set of circles on both dials a round, the 
starting and finishing place of which is at the left hand 
radius line A, A; inasmuch as the numbers represented 
at the finish of any round is same as starts the next to the 
left on the starting line ; and in all calculations the figures 
on numbers lines are used to represent integers, decimals 
or mixed as may be required ; and lastly the axle of instru- 
ment is prepared to carry any convenient No. of figured 
Index Arms, as B, C, D, to indicate the respective rounds 
which contain the numbers represented therein, — then for 
the Application of Instrument. 

— First, dealing with the Circular Rule, and commencing 
with calculations of simple 

MULTIPLICATION. 

The sum of the angles of any Multiplicand and Multi- 
plier giving the angle of Product, and the product containing 
one less integer than, or an equal number to, what the 
multiplicand and multiplier contain together, accordingly as 
the Product and Multiplicand are, or are not in the same 
round, 

Ex. 1.— For the Product of 73 multiplied 19. 
— In all instances using the Index Arms so as not to block 
or hide the numbers to be dealt with, and in this instance 
applying the Arm B to starting line and Arm C to the multi- 
plier — 

Having fastened the Index Arm B at the starting line 
A, A to the Arm C set to the multiplier 19 on Numbers 
round. 

Then simply by moving Arm B to the multiplicand 73 
on Numbers round, the 

Answer will be shown at Aim C m fevsx $L\gsss& — "SSKV 



Ex. 2.— Required the Products of 42 x 23 and 42 x 27. 

Having fastened Arm B at the starting line A, A to 
Arm C at 23, and to Arm D at 27, then by moving B to 42, 
the 1st product is shown at C = 966 in three figures, and 
the 2nd product at D = 1134 in four, all at one setting. 

Or Ex. 3.— For the Product of say 43 x 37 x 19. 

Supposing Arm B at the starting line A, A fastened to 
Arm C at 37, and then Arm C at the starting line A, A 
fastened to Arm D at 19. 
— By moving Arm B to 43 on number round the 

1st Product of 43 x 37 will be shown at C = 1591, and 

2nd Product of 43 x 37 x 19 at D = nearly 30230. 
Or for 

DIVISION. 

Reversing the operations for multiplication. The differ- 
ence of the angles of Dividend and Divisor giving the angle 
of quotient, and the No. of Integers in quotient being 1 more 
than, or equal to the difference between the no. contained 
in the dividend and divisor, accordingly as the quotient and 
dividend are, or are not in the same round. — thus for 

Ex. 4.— To find the quotient of 396 divided by 18. 

Having fastened arm (say) B at the starting line, to 
Arm C at the divisor 18 ; then by moving C to 396 the quo- 
tient is shown at B in two figures = 22, because the difference 
between the three integers in dividend and the two in divisor 
is 1 and the dividend and quotient are in one, or same round. 
Or for 

SINGLE RULE OF THREE. 

Inasmuch as one multiplication and one division are 
required conjointly, for 

Ex. 5.— As 18 : 39 : : 96 : Answer. 

Having fastened Arm (say) B at starting line A, A to C at 39, 

and also Arm (say) D do. C at 1 8 div. 

Then by moving Arm "B to 96, C being moved to the 

Product of 39 x 96 = 3744 in four figures, and D 

or the Quotient 39 x 95 -r- 18 = 208 in three, all at one 
setting. 



Or Ex. 6 Evolution — For the Square and Cube of 19. 
Having fastened (say Arm B) at starting line to Arm C at 19. 
and ArmC do. Arm D at 19. 

Then by moving B to 19 the 

Square is shown in three figures at C = 361, and the 
Cube - in four do. at D = 6859 

and so on 

Or applying the Multi-circular Rule to calculations of 

Multiplication. 

To obtain the No. of round which contains the product, 
and the No. of Integers in that product 
1st. — Add the round which contains the multiplier to that 
which contains the multiplicand and the sum (if less than 10) 
or the right hand figure of sum (when 10 or above) will 
indicate the required round, or 1 less, accordingly as the 
product and multiplicand are in one and the same round, 
or not. 

And 2nd. — In all instances the no. of integers in product 
being 1 less than, or equal to, what the multiplicand and 
multiplier contain together, accordingly as the sum of the 
turns (obtained as above) is less, or not less than 10. 

Thus— Ex. 7.— To find the Products of 41 x 23. 

41 being on round 6 and 23 on round 3. 
6 plus 3 giving the round for product 9. 

Having fastened Arm B at starting line to Arm C at 23. 

By moving B to 41 the Product is shown on round 9 at 
Arm C = 943 in three integers. Or 

Ex. 8.— For the Product of 77 x 49. 

77 being on round 8, and 49 on round 6 
8 plus 6 giving 14 — then 

Having fastened Arm B at starting line to C at 49. 

By moving B to 77 as we find the product will not be 
in the same round as the multiplicand, and under such cir- 
cumstances 1 has to be added to the 14 obtained above to 
make 15, the right hand figure 5 of which gives the round 
for Answer. 

So by looking at Arm C on round 5 we find the product 
3773 in four figures because the sum of the turns, &c as 
above is more than 10. 
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Or Ex. 9. — For the approximate Product of 937.8 x 883.5. 
Round 9 for 937.8 plus round 9 for 883.5 giving 18. 
Having fastened Arm B at starting line to C at 883.5. 

By moving B to 937.8 as we find the product will not 
be in the same round as the multiplicand, so according to 
rule adding 1 to the 18 obtained above we obtain 9 for the 
right hand figure, and consequently for the no. of round 
which contains the product at C slightly in excess of 828500 
in six integers, while the product accurately obtained arith- 
metically = 828546.3. 
Or for 

DIVISION. 

The No. of Round for divisor deducted from that for 
dividend ; the difference, or 1 less than the difference giving 
the No. of round for quotient, as the quotient is, or is not 
in the same round as the divisor ; the no. of Integers in 
Quotient being obtainable in the ordinary way Thus for 

Ex. 10.— To find the quotient of 125 divided by 105. 

Round for 125 less round for 105 giving 0. 

Having fastened Arm (say C) at starting line to B at 105. 

By moving B to 125 we find the quotient on round at 
Arm C in one integer = 1.1905. 

Or Ex. 11.— For the quotient of 105 divided by 125. 

Having fastened Arm C at starting line to B at 125, as 
by moving B to 105 we find the quotient and dividend are 
not in the same round ; then according to instructions as 
under these circumstances the round for quotient is obtained 
by deducting round from (whose difference we call 10) 
and from 10 the 1 which makes 9, — so the quotient is given 
on round 9 at Arm C = .84 in decimals. 

It being here worth noticing, that for calculations of 
Division, the Divisor and Quotients are to be read behind 
the dividend, or the contrary way to what the figures or 
numbers on dial advance ; while multipliers and products 
require to be read contrary way, or in advance of the mul- 
tiplicand. 

Or for calculations of Multiplication and Division conjointly 
— as In 



SINGLE RULE OF THREE. 

Ex. 12.— As 183 : 917 : : 711 : Answer. 

Here having fastened Arm B at starting line to C at 711 ; 
and ArmD do. Cat 183. 

By moving B to 917 the Ans. is shown at D = 3562 in 
round 5. 
Or for 

INVOLUTION AND EVOLUTION. 

Ex. 13.— To find the Square and Cube of 117. 

Having fastened Arm B at starting line to C at 117 ; 
and Arm C at do. D at 117. 

then by moving Arm B to 1 1 7 the 

Square is shown at Arm C very nearly 13690 on round 
1, and the 

Cube is shown at Arm D very nearly 1601600 on round 2, 
Or by reversing operations the Square Root of 13690 and 
the Cube Root of 1601600 are shown =117 nearly. 
Or next applying the circular and multi-circular portions of 
instrument conjointly to calculations of Logarithms. 

As the distinguishing figure on any round of the dial or 
multi-circular rule represents the first decimal figure of loga- 
rithms of all the numbers on that round, while the four fol- 
lowing decimals can be read on the round of circular rule 
marked common logarithms, at any arm placed to the number 
on multi-circular rule dial whose logarithim is required — 
then for 

Ex. 14. — To find the Common Logarithm of say 8974. 

Here 8974 being on round 9, as by placing any arm, 
say B at 8974 on round 9, we obtain 9 for the first loga- 
rithmic decimal of 8974, and at the same arm B read very 
nearly 6295, so the approximate logarithmic decimals of 
8974 to five places of figures = .95295 and affixing the cha- 
racteristic or Integer 3 we obtain logarithm 3.95295 from 
the conjoint application of the dials of both rules, whereas 
according to Hutton's Tables, &c, the correct answer is 
3.9529861. 
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Or Ex. 15.— For the Cube Root and 3.5 Root of 8974 in 
last example taking its logarithm as 5,953. 

Having fastened Arm say C at starting line to B at 3, 
and do. D do. B at 3.5. 

then merely by moving B to 3.953 we obtain at the 

Arm C the log. 1.3176 representing Cube Root of 8974, and 
at D do. 1.1294 do. 3.5 Root the former 

corresponding to 20.782 and the latter to 13.472, very nearly 
the respective answers. 
Or again — 

As by making additional circles on the instrument 
contain figures and divisions to represent degrees, &c. in the 
quadrant of a circle, the conjoint application of circular 
and multi-circular rules may be made to give natural sines, 
tangents, secants, &c. with the same facility as logarithms, 
merely by using a small table of the degrees which begin each 
round at the starting line, so attention is directed thereto, 
although the natural sines, &c. for every ten minutes to five 
places of decimals are given at the end of this pamphlet. 

And lastly — Although the combined circular and multi- 
circular slide rule is not so handy for many calculations as 
the Triple Radius Double Slide straight instrument yet much 
greater accuracy being secured by the former than latter, so 
the application of former will often be found advantageous. 
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22.0256 
88.2010 
114.593 


1:1.2:! 17 

17.1984 
24.5021 

•12.9757 
171.888 


13.7031 
18.1026 
26.4505 
49.1141 
843.776 


3 

2 
1 
Dsga. 




60' 


60' 


40' 


\ iw \ W \ "vv yn* 



TABLE OF RUMBS 
And Natural Sines which every Point and Quarter Point of the Compass 

makes with the Meridian. 



JOBTH. 



s 



. BY E. 

.BVW. 



N.N.E. 
N.N.W. 



N.E. BY N. 
N.W.byN. 



N.E. 
N.W. 



N. E. BY E. 
N.W.BYW. 



E.N.E. 
W.M.W. 



E. BY N. 

W. BY N. 



WEST. 



/ 



/ 



SOUTH. 



8. BY E. \ 
8. BY W.J 



8.8. E. X 
8.8. W./ 



8.E. BY8.\ 
.W.BY8./ 



8.F. X 
8.W. / 



8. E. by E. \ 
.W.byW.I 



E. 8. E. \ 
W.8.W. J 



E. BY 8. \ 
.BYS. / 



W 



EAST. 



Point*. 



Pt8. 

i 

i 

i 



1 Pis. 

H 
U 
If 



3 Pis. 

3 

2| 



8 Pts. 
8f 



4 Pts. 

4* 
4f 



5 Pts. 
51 



6 Pts. 
6i 



7 Pte. 

n 

71 

8 Pte. 



Angles. 



0° 

2 -48'-45'' 
5 -87 -80 
8 -26 -15 



11-15- 
14- 8-45 
16-52-30 
19-41-15 



22-80- 
25-18-45 
28- 7-80 
30-56-15 



83-45- 
86-33-45 
89-22-80 
42-11-15 



45- 0- 
47-48-45 
50-37-30 
53-26-15 



56-15- 
59- 3-45 
61-52-30 
64-41-16 



67-30- 
70-18-45 
73- 7-30 
75-56-15 



78-45- 
81-33-45 
84-22-30 
87-11-16 
90- 0- 



Sines. 



.0 

.04907 
.09802 
.14673 



. 19609 
.24298 
.29028 
.83689 



.38268 
.42756 
.47140 
.61410 



.55557 
.59570 
.68439 
.67156 



.70711 
.74095 
.77301 
.80321 



.83147 
.86773 
.88192 
.90399 



.92388 
.94154 
.95694 
.97003 



.98079 
.98918 
.99518 
.99880 
1. 



Cosines. 



Tangents 



.0 

.04913 
.09849 
. 14833 



.19891 
.25049 
.80334 
.36781 



.41421 
.47296 
.63451 
.59938 



.66818 
.74165 
.82068 
.90635 



1.00000 
1.10333 
1.21850 
1.84834 



1.49661 
1.66840 
1.87087 
2.11432 



2.41421 
2.79481 
3.29656 
3.99222 



5.02734 
6.74146 
10.1532 
20.3556 
Infinite. 



Ootngnts. 



8eosnts. 



1. 

1.00121 
1.00484 
1.01094 



1.01959 
1.03089 
1.04500 
1.06209 



1.08239 
1.10621 
1.13389 
1.16587 



1.20269 
1.24501 
1.29864 
1.84962 



1.41421 
1.48907 
1.67631 
1.67870 



1.79995 
1.94514 
2.12136 
2.33888 

2.61313 
2.96833 
3.44490 
4. 1 1556 



5.12583 
6.81522 
10.2023 
20.38U2 
Infinite. 



Oosots. 



Aigles. 



90°-0'-0" r 
87-11-15 
84-22-80 
81-33-45 



78-45- 
75-56-15 
73- 7-30 
70-18-45 



67-30- 
64-41-15 
61-52-30 
59- 8-45 



56-15- 
63-26-15 
50-37-30 
47-48-45 



45- 0- 
42-11-15 
39-22-30 
86-33-46 



33-45- 
30-66-15 
28- 7-30 
25-18-45 



22-30- 
19-41-15 
16-52-30 
14- 3-45 



11-16- 
8-26-15 
5-37-30 
2-48-45 
0- 0- 



Angles. 



J* 36 Sines, Tangents, and Secants of Angles m 4lYi coVmbu w^resfiSLX. 
09 Cosines, Cotangents, and Cosecants of Angles Vn \asv coYoarau 



USEFUL GAUGE POINTS. 



1 Inch = Vi* Foot ; or 100 Inches = 2.64 Metres 

1 Foot = i/i Yard ; or 105 Feet =82. do. 

1 Yard = 1/22 Chain ; or . 85 Yards =82. do. 

1 Centimetre = 10 Millimetres = 1 jio Decimetre = .8987 Inches 
1 Decimetre = V10 Metre = 10 Centimetres = 8.987 do. 

1 Metre = ^io Decametre = 100 do. =89.87 do. 

1 Diameter = 1 Crclr. Area = .7854 or nrly. u /m Sq. Area 

11 do. = 121 do. = 95. Sq. Area 

1 Ft. do. = 1 do. ft. do. = 7.29 Sq. Decimetres 

1 Ft. Square = 1 Sq. ft. do. = 9.29 do. do. 

1 Sq. Yard = 9 do. do. = .886 Sq. Metres 

1 Sq. Centimetre= 1 /ioo Sq. Decimetre = .155 Sq. Ins, 

1 Sq. Decimetre = 1/100 Sq. Metre =15.5 do. 

1 Sq. Metre = V100 Sq. Hecto. or 8 Sq. Metres =86.11 Sq. Ft. 

1 In.dia. x lft.lng= 9.424 Cu. Ins. = .084 Gallons = .1544 Litres 

10 „ dia. x lft.do.= 942.4 do. = 8.4 do. =15.44 do. 

1 Ft. do x lft.do.= 1 Cylind Ft. = 4.89 do. =22.2 do. 

*l FtSq. x lft.do.= 1 Cube Ft. = 6.235 do. =28.82 do. 

1 Decilitre = V10 Litre = 6.1027 Cu. Ins. = .1762 Pints. 

1 Litre = V10 Decalitre = 61.027 do. = .2202 Gals. 

42 Litres = 4.2 do. = ..„„== 9.25 do. 

2.809 Ft. height of Water Column = 1 lb per sq.inch = 7.08 Kilo- 
grammes per sq. Decimetre 
1. Metre do. = 9.98 Kilogs. per Decimetre= 1.4207 lbs. per Sq. Inch 
1 Pound per circular Inch ------ = 8.95 Kilos, per Sq. Decim. 

1 Kilogramme per Square Centimetre - - = 14.28 lbs. per Sq. Inch 

4.99 do = 11 lbs. Av. Weight 

£1 sterling = 20 Shillings = 240 Pence = 960 Farthings = 26 Francs. 
1 Franc = 100 Centimes, or 6 Francs = 4 Shillings 

12 Pence or 1 Shilling per lb Av.= 2.76 Francs per Kilogramme 
4 Francs 60 Cents, per Kilogramme = 20 pence per lb. Av. 

3 Shillings per yard =4.1 Francs per Metre. 

Twice the Sine of } Arc of any circle = Length of Chord of whole Are* 

Length of 1° Arc of Circle of Radius 1= .01745 

No. of Degrees in Sector of any Circle X Diameter 9 of Circle of which 
the Sector is part, the product -5- 459 = Area of Sector. — And 
Area of Sector less product of Sine X Cosine of 4 Aic= &«».<& ^w8&ks&~ 

*17 Cub. ¥t. => \ftfc feiRauu 
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AREA OF SEGMENTS OF A CIRCLE. 
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AREA OF SEGMENTS OF A CIRCLE. 
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INCHES OR PENCE IN DECIMALS OF FOOT OR SHILLING. 



Inoht>8. 


OInch. 


£ Inch. 


} Inch. 


finch, 


inch. 


.Ofeet 


.02083 ft. 


.0416 ft 


.0625ft. 


1 


.0833 


.10416 


.125 


.14588 


, 2 


.1666 


.1875 


.2088 


.22916 


8 


.25 


.27083 


.2916 


.8125 


4 


.8888 


.85416 


.875 


.89588 


6 


.4166 


.4375 


.4588 


.47916 


6 


.5 


.52088 


.5416 


.5625 


7 


.5883 


.60416 


.625 


.64588 


8 


.6666 


.6875 


.7083 


.72916 


9 


.75 


.77088 


.7916 


.8125 


10 


.8838 


.85416 


.875 


.89588 


11 


.9166 


.9875 


.9688 


.97916 



POUNDS, &c. IN DECIMALS OF A CWT. 



7 lDB.=l-160wt. 


14 lh.=J Owt. 


J Owt, 


i Owt. 


f Owt. 


7 lbB.=0625 


.125 


.25 


.5 


.75 


1 lb. =.00893 

2 =.01786 
8 =02679 

4 =.03571 

5 =.04464 

6 =.05857 


.18393 
.14286 
.15179 
.16071 
.16964 
.17857 


.25893 
.26786 
.27679 
.28571 
.29464 
.80357 


.50893 
.51786 
.52679 
.53571 
.54464 
.55357 


.75898 
.76786 
.77679 
.78571 
.79464 
.80357 



PENCE IN DECIMALS OF A POUND. 



Penoe. 





i 


i 


! 





.0 


.00104 


.00208 


.00312 


1 


00417 


.00521 


.00625 


.00729 


2 


00833 


.00938 


.01042 


.01146 


8 


0125 


.01354 


.01458 


.01562 


4 


.01667 


.01771 


.01875 


.01979 


5 


.02083 


.02187 


.02291 


.02396 


6 


.025 


.02604 


.02708 


.02812 


7 


.02917 


.03021 


.03125 


.03229 


8 


.03333 


.03437 


.03542 


.03646 


9 


.0875 


.03854 


.03958 


.04062 


10 


.04167 


.04271 


.04875 


.04479 


JI 


.04583 


.046*7 


.04792 


.04896 
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